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ON  GASTRIC    SENSATION.     }?v   F.  R    MILLER,  M.A  ,  M.B, 

Deinoiifitrntdr  af  Plij/sinhxiji,    Ciiirersif;/  nf  Toronto. 

(From  the  J'lii/siolof/icdl  Luboratori),    i'>urers)ti/  of  Toroiitn.) 

Our  kiKHvledgc  coiicerniitg  gastric  sensitivity  is  derivt'd  from  a  small 
number  of  rcsoarcliL's,  partly  e.\periinent;il  and  partly  clinical. 

The  experiments  o;i  animals  have  ciaisisted  in  applying  some  form 
of  stimulation  to  the  stomach  and  then  observinLt  the  various  reactions 
induced  by  this  means.  The  action  of  local  emetics  (CuSO,  and  tartar 
emetic)  was  studied  by  Openchowski',  who  found  that  the  afferent 
paths  for  exciting  vomiting  in  this  manner  are  contained  in  the  vagi. 

The  sensory  innervation  of  the  peritoneal  surfaces  of  tlie  stomach 
was  studied  tiy  Duccesclii^  who  tested  the  effect  of  electiical  and 
mechanical  stimulation  on  the  respirations  and  genei'al  reactions  of  the 
animals.  His  results  led  him  to  infer  that,  whilst  sensory  stimuli  are 
conducted  from  the  entire  <iuter  surface  of  the  stomach  by  both  the  vagi 
and  the  splanchnics,  those  passing  by  the  vagi  are  alone  capable  of 
exciting  vomiting. 

Head'  noted  that  the  an^as  of  cutaneous  tenderness  accompanying 
ga.stric  disorders  correspond  with  the  distribution  of  the  7th,  8th  and 
9th  dorsal  neves,  but  the  work  of  Ducceschi  has  as  yet  alone  yiehied 
experimental  evidence  regarding  the  importance  of  the  spinal  nerves  in 
the  sensory  innervation  of  the  stomach. 

Hertz,  Cook,  and  Schlesinger*,  in  a  lecent  study  in  man,  observed 
that  the  lo'ver  end  of  tlio  uesophagus  was  considerably  more  sensitive 
than  the  tnucous  membrane  of  the  stomach.  In  investigating  tiie 
sensitivity  of  the  gastric  mucosa  it  is,  therefore,  essiMitial  to  confine  the 
action  of  the  "metic  substances  strictiv  to  this  surlare.     Whether  or  not 


'  -Iri'/i.  7.  (.iHc/f.  ».)  /'/((/Bill/,  p.  •')")4.    is.^ii. 

-  Arch,  di  Figiol.  ]..  .V21,     1!M)4  -5. 

■  Brain,  xvi,  p.  (Hi.    IH'.Ci. 
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;iiiy  prccaiitidiis  (,r  iliis  kind  u,iv  tnkcti  liy  n|,,i]i'li(iwski  in  tiif 
reseaivh  nlivady  inriit  i.inc.l  it  i>  iinpo.-^ilil,"  \.,  m.iI.'.  i;,,-  ,„,  ;,riii;,l 
expfiinuMitai  (KiaiN  aiv  IuiuisIumI  and  unly  an  .■,.iionii>ud  account  is 
^'ivcn  uf  lii>  rcsniis. 

The  pns.nt  icscaich  \va~,  t  licrctoiv,  iind.'i  tal;cn  at  th,.  sn  >,'-i;c-.ri.,n  .  f 
Pnifcss,,!-  Hrodi^.  with  til,.  ,dra  ,,f  niakin-  a  np.i,.  , At.aiMvr.tn.lv  ..f 
-a.tric  s,.n>ata,n  and  .-iMcally  ..f  thr  paths  takm  l,y  >,.„.,,rv  unpulsr, 
from  the  inncoii,,  surface  of  the  sphikk  h. 

In  srlcctinu  a  form  of  >  .niulaimn  to,-  the  -astii,-  miic.a,  tiir  firadic 
current  appeared  th.e  n,oM  de-irahl,.,  I  i;„nid.  ln,w,  v,  ,.  Wiat  neither 
the  bipolar  n^r  the  unipolar  method  of  stiniulatinn.  uheii  applie.i  to  the 
inucotrs  surface,  was  .apal.le  of  n,.luein-  von.iin,,-  and,  aficr  testins;  a 
nundjer  of  local  emetics.  I  finally  resorte.l  to  warm  mustard  sulutioiras 
yielding  the  most  satisfictorv  results. 

The  metla.d  of  procedure  in  the  exporiment^  with  mns'.ard  was  as 
follows:^the  animal  (cat)  was  anas,  1„.,,.,„|  ,,i,|,  ^,.|.  ,„,„|,,^,  .„„| 
ether.  The  ahdonien  was  opened  in  the  mid. lie  lin-,  .and  the  stom.aidi 
drawn  out  and  protected  l,y  cloths  wrun-  out  of  w,,rm  valine  solution. 
The  dorsal  and  ventral  br.ancl.es  of  the  v,.-us  weiv  th.  n  iM,lat.,l  .,n  the 
cp>ophae„sjust  lieL.w  the  .liaphr,,-m  and  ,a  li^.atur..  ti...l  li^hllv  .ai.ain.l 
the  a'.sopha-us  undern..atli  th.^  n.av.s.  Th,.  pyf.rus  was  ak,  liimlv 
li,i,'atiM-ed.  An  ..ponin.i,'  was  m.a.l.'  in  tli,.  v,  ntra'l  surfi.a.  .,f  th,.  tun.lu's 
and  a  ybss  tube  ti,..i  m.  Th..  ..ih.  r  ,.,,,1  ,,t  th,.  tub.  w.,s  ..omarted 
by  a  piece  of  rubber  tidiiiie-  w,tl,  ,.  Mn.all  fiiim.  I.  Tli.-  ^t.iinach  u;is 
emptied  .an.l  th..roughly  w,ash..d  .an.  Tl,.-  mu-l.ar.l  s,.luli.,n  uas  ih,.., 
introdn,..,].  .-\ln,.,.t  in,me.l,,.,t,.ly  th..  ,,■  ,pi,;,t„,ns  „,.,,■  incna^e.l  in 
rate  and  t,>rc,.  an.l  t..n-u..  .ami  swall,,um,t(  m.,^  ..m.nt^,  a.v,,mpani.d  bv 
sahvalmn,  w.-re  indu.a..!,  whilst  ,aft..|  ,an  iiiter\al  .,f  l_;i  mimit..s 
typical  v,,miting  inov,.m..nis  .  uhicI.  Thi^  r,  suit  mav  !..•  ..btam..,! 
several  times  in  Mi,.,a-M.in,  the  sf.,m,„.h  beiii^  u.^ishci  ou!  aft.a-  .  a.^h 
e.xperiment. 

It  uill  be  .seen   that    ui„|,.|    th.s..  ..x  p.rim..,ital   .■.ai.lit  i.a.s  no  ,a.1ual 

dr-char-..  ,,f  the  st,ana,-h  , ■.a, tents  ,.  p,,sMbl...  .-uhI  th, .•urr.i,.-,.  .,f  the 

vomituia  reri.'.x  is  ,„,l„at,.,|  m.avly  In  ih..  .•liai,ict..ri-ti..  .■.aitr.a.'tmns 
'.f  the  .liaphracrm  and  .d)d.,niinal  nm-el,..,.  Th..  t.rm  v.anitin.r  will 
accordn,i,dy  b,.  ..nip|.,y...i  n,  tins  sp,.,.ial  .,.i,se  ,n  th,.  lainainder  ."If  this 
papi-r. 

In  .ir.ler  I.,  .I.'tei  niin-  t  li,.  alb.ivni  p.itl,-  inv,.h.,l  ,n  this  v,,mitin<- 
icH,..x  th,  exp,.ninenl  was  ,,,rri..,|  ,,ut  ;,>  ;di,a.lv  .l,.|ail..d  b,it,  ,n 
i'diiition.  th,.  splanchn.cs  w.'re   isoI,.|i..d   .,■,   b.,th   -i.i.s,      V,,niitm.r  «■; 


as 
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tlifu  ...xcitcl  l,v  i,i,;.rar.!.  Tlir  >plaiiclii,ics  ueiv  next  divi.lwi  un,i  it 
was  I, ,1111.1  tlia,  \ui,,niiii,r  ,:,,,||1,|  ,,,|i  ]„.  i,„l„c^.,i.  '['he  vagi  were  then 
(iivi,l,.l  ,,„  the  a.s,)i.lKi-i!.s  aii.l  it  was  ,,lrsri  v.d  tliaL  ivlLx  vomiting 
was    iinu-    n.,    l,)n,!,'er    pussilik..     Tin-,    has    be.-n    contirnicd    in    several 

OX]iciiiil('Ilts, 

III  (.ihrr  Miiiilar  cNp,  limnits  it  was  foiiiKJ  ini|M,s.-ihlc  u,  iii.luce 
vunuliiiLj  atirr  ,|ivisi,,n  ,,f  tlir  \aMi,  the  sphuirhnics  ahne  remaining 
iiitai't.  \Vr  inav,  t h.i -t. .iv,  ,.,,iirlu,h.  that  tlie  vagi  ah)ne  onduet  Irorn 
thr  gastric  niiicc.a  tl„-  iin|Mils,.s  u  lu,'l,  arc  eapalih'  of  exciting  vomiting. 

*"'  '■  ''"  l'iii|i.,s,.  ,,|  smiririi.'  tracings  .,f  the  vomiting  movements, 
the  npnaiiMii  Ml,  the  ^ti.macli  ua-  pvrformr,!  ,„,  a  cat  an;Fsih..tisc(l  with 
nr.thai.r.  The  n  ,|„iatious  uvn;  nroi,l.  d  l.y  causing  the  animal  to 
'"■'■'^'"'  i"'"  •'  '■"^'c  '"'  ttl..  conncctcl  with  a  tambour.  In  Fig.  1  is 
sh.iwii  the  1,'sult  ot'  introducing  a  :>  p.c.  solution  of  mustard  into  the 
stomach. 


iig.  1.     Kccoid  nf  n.s|iiriitioii>  in  cat.      \uii,iiinn  uiovcimiits  bfgiii  at  C.     Signal  shows 
ititiMilnctiiiii  !in.l  removal  (.f  mu.stai'il.     Time  in  seconds. 

1  he  rispiiatioMs  are  sei  n  to  become  considerably  ipiicker  and  deeper 
and  vomituig  occurs  in  1  miii.  ."4  sees.  The  vomiting  moxenients  take 
placi'  i\ith  i^re.iter  f,ei|iu'ue\-  ilian  the  preceding  respirations,  but  become 
considerably  shov.  r  aft.r  t!,,-  removal  of  the  mustanl  from  the  stomach. 
FolhoMMM  the  vniniim^  th,  re  w  a  biiel  interval  of  rest,  after  whicli  the 
breathing  In  gradually  resumed. 

It  is  known  that  stimiilatiiin  ef  ilu'  iriink  of  the  vngus  may  cause 
vomiting,  but  the  etfeet  of  st  iiuulal  iiig  the  branches  to  the  stomach 
dues  not  appear  t.i  have  been  invest  igated.  ( »n  trial  it  wa.s  found  that 
excitation  of  beth  the  doisd  and  ventral  branch  was  effective. 


f 
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111  Fig.  2  is  shown  tlie  result  of  exciting  the  central  end  of  the  dorsal 
vagus  with  the  faradio  current.  The  respirations,  which  wore  recorded 
in  the  usual  manner,  become  deeper  duritig  the  stimulation,  and  some 
imperfecl  iiltempts  at  vomitinrr  occur,  but  complete  vomiting  does  not 
take  phice  until  after  the  excitation.  Powerful  vomiting  sometimes, 
however,  appears  during  the  actual  course  of  the  stimulation.  The 
re.spiratorv  excursions  are  considerably  more  extensive  after,  than  before, 
the  period  of  vomiting. 


Fig.  2.    Effect  of  stimuUtin-  aorsal  v, 


11KU3-    VomitiiiB  occiir.s  at  I'.    Distance  of  secondary 
10  cm.     Time  in  seconds. 


Frequently  the  nerves  must  be  subjected  to  several  excitations 
before  vomiting  is  elicited,  and  in  these  cases  a  deepening  of  the 
respirations  is  often  the  only  vi.sible  evirlence  of  the  stimulation.  This 
IS  seen  in  Fig.  ;5,  from  a  later  part  of  the  same  experiment  shown  in 
Fig.  2,  after  the  irritability  of  the  .lerves  has  become  somewhat  reduced. 
Ill  other  cases  a  few  vomiting  movements  take  place  as  a  result  of  the 
first  stimulation,  whilst  a  succeeding  brief  excitation  suffices  to  provoke 
powerful  vomiting. 

It  was  next  necessary  to  ascertain  by  which  vagus  trunk  in  the  neck 
the  impulses  travel  respectively  from  the  dorsa'  and  ventral  vagal 
branches  at  the  lower  einl  of  the  a'sophagu.s. 


•    • 
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In  order  to  dotnrmino  this  p.iiiit  p  aanch  of  the  vagus  wa.s 

stimulated,  whilst  thr  vagi  in  the  neck  wtre  successively  cooled.  The 
effect  of  thfse  procedures  on  the  vomiting  reflex  was  meantime  noted. 
The  result.-  ui.lioat.  il,.,t,  whilst  in  some  .-a.ses  the  e.Kcitation  pas.ses 
from  the  dorsal  branch  e.xc'usively  up  the  right  vagus,  and  from  the 
ventral  branch  up  the  left  vagus,  in  )any  instances  impulses  from  each 
stomach  nerve  are  transmitted  by  both  va^i. 


Fig.  3.    Effect  of  stimulating  dorsal  vagus.     Vomiting  occurs  at  T.    Distance  of  secondary 

7  cm.     Time  in  seconds. 

The  final  point  to  be  determined  in  tracing  the  further  course  of  the 
impulses  up  the  vagi  was  which  of  the  rootlets  belonging  to  the  9th, 
10th  and  nth  cranial  nerv;es  convey  the  excitation  to  the  medulla' 
The  lower  rootlets  were  first  exposed  and  vomiting  was  induced  by 
stimulating  the  central  en.is  i,f  the  vagal  branches  to  the  stomach 
The  ascending  rootlet  of  the  11th  nerve  was  then  divided  on  each  side 
Stimulation  of  the  vagus  nerves  again  excited  vomiting.  The  impulses 
from  the  stomach  causing  vomiting  are,  therefore,  not  conveyed  to  the 
medulla  by  these  rootlets. 

As  the  exposure  of  the  upper  rootlets  involved  the  removal  of  a 
portion  ot  the  cerebellum  coiisi.ierable  .hock  invariably  resulted  and 
hence  it   was   found   impossible  to  excite   vomiting    by   the  action    of 


414 


F.   R.   MILLER. 


mustard.  Excitation  of  the  gastric  nerves  was,  liowever,  not  infrequently 
effective.  After  section  of  tlie  left  va^r„s  in  the  neck  stimulation  of  the 
ventral  branch  of  the  vagus  cau.sed  weuk  vomiting,  whilst  .'Stimulation 
of  the  dor.<al  vayus  caused  more  powerful  vomiting  The  upper  rootlets 
on  the  riylit  side  were  next  divided  and  it  was  found  that  under  these 
circumstances  vomiting  cuuKl  no  longer  be  excited  by  stimulating  either 
gastric  nerve.  Although,  in  the  experiments  so  far  performed,  the 
upper  rootlets  have  been  divided  only  on  the  right  side,  it  is  reasonable 
to  suppose  that  the  a  group  of  ro  )tlets  transmits,  on  both  sides,  the 
atferent  impulses  which  excite  vomiting. 

It  was  stated  earlier  that  considerable  salivation  is  invariably 
.issociated  with  the  vomiting  produced  by  the  action  of  mustard  in  the 
stomach.  As  previous  observers'  have  shown  that  stimulation  of  the 
vagus  in  the  neck  causes  rciex  salivarv  secretion,  I  excited  the  vasal 
branches  to  the  sti'Uiach.and  obtained  a  very  definite  flow  of  saliva  in  a 
cannula  inserted  in  the  submaxillary  duct  of  an  animal  una-stlietised 
with  chloroform  and  uretliane. 

The  results  so  far  described  show  the  significance  of  the  vagi  as 
afferent  gastric  nerves,  and  f  low  undertook  a  number  of  experiments 
with  the  object  of  demonstrating,  if  possible,  whether  any  similar 
sensory  function  might  be  attributed  to  the  splanclinics. 

With  this  object  in  view  the  oesophagus  wa-i  divided  just  below  the 
diaphragm  in  an  animal  (^  i)  anaesthetised  with  uretliane  and  the 
pylorus  waa  ligatured.  A  tube  was  tied  into  the  opening  in  the  cardia 
of  the  stomach  and  the  respirations  were  recorded  in  the  manner 
already  described.  Under  these  conditions  all  possible  branches  of  the 
vagi  to  the  stomach  are  divided,  whilst  most,  if  not  all,  of  the  sym- 
pathetic connections  are  retained.  It  was  found,  however,  that  neither 
the  introduction  of  strong  mustard  .solution  nor  of  bromine  water  into 
the  stomach  caused  any   ilteration  in  the  respiratory  movements. 

In  other  similar  experiments  a  cannula  was  tieii  in  the  submaxillary 
duct,  but  mustard  .solution  and  bromine  water  filled  to  excite  anv  reflex 
flow  of  saliva. 

I  have  thus  been  unable  to  prove  that  sensory  impulses  of  anv  kind 
are  c(uiveyed  by  the  splanchnics  from  the  mucous  surface  of  the  stomach, 
and  cannot,  therefore,  add  any  experimental  confirmation  to  the  con- 
clusions of  H ead. 
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Summary. 

1.  v'omiting  induced  by  the  action  of  a  local  emetic  like  mustard 
is  prevented  by  division  of  the  vagi. 

2.  Stimulation  of  the  central  ends  of  tlio  vagal  branches  to  the 
stomach  causes  reflex  flow  of  saliva  and  vomitinsr. 

3.  Experiments    so    far    performed    indicate    that    the    excitation 
causing  vomiting  is  conveyed  to  the  medMlJa  bv  the  a  group  of  rootlets. 

4.  I  have  been  unable  to  demon.strate  that  the  splanchnics  transmit 
sensory  impulses  of  any  kind  from  the  gastric  mucosa. 

It  gives  me  pleasure  to  thank   Professor  Brodie  for  his  very  kind 
supervision  of  this  work. 


